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A VEHICLE FOR IMPROVING ENERGY MANAGEMENT 
FOR BUSINESS AND INDUSTRY
Herbert M. Eckerlin and Albert S. Boyers 
North Carolina State University 
Raleigh, North Carolina
Abstract
A new technical assistance program focusing on the area of energy management has 
been developed by North Carolina State University for business and industry.
This paper describes the operation of the program and presents some typical 
recommendations made to industry. The impact of the energy crisis on small 
industry is discussed and future plans for addressing this problem are presented.
1. INTRODUCTION
The Industrial Extension Service (IES) of the 
School of Engineering of North Carolina State 
University has developed a new program of techni­
cal assistance in the area of energy. This pro­
gram is designed to assist small business and 
industry in improving their utilization and man­
agement of energy resources.
Implementation of this program is being accom­
plished in two phases. The first phase —  called 
the "walk-through assessment" —  consists of an 
IES staff member making an on-location, qualita­
tive audit of the sources of major energy losses 
within requesting companies. This is followed by 
a written report which outlines the major correc­
tions needed to reduce energy consumption and 
improve energy management. The "walk-through 
assessment" program has been in operation for 
about nine months. During that time, over sixty 
organizations have been visited. The results to 
date are encouraging.
In the projected second phase of the program, the 
major energy losses will not only be identified 
but measurements will be made to help assess these 
losses. Based on this information, an analysis 
will be made and the results summarized in a final 
report, along with recommendations for reducing 
energy losses, the approximate cost for implement­
ing the. recommendations, and the expected savings. 
Throughout both phases of the program, the assist­
ed companies will be encouraged to use the Nation­
al Bureau of Standards Handbook 115 as a guide in 
establishing and maintaining their own energy 
management program.
This service is offered at no charge to all North 
Carolina business and industry by the Industrial 
Extension Service. However, the focus of the 
program is on small companies, since these com­
panies —  with their limited technical and finan­
cial resources —  are least able to cope with the 
problems associated with energy management. It is 
envisioned that this program will be the beginning
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of a series of extension activities (extension 
education, referral services, and additional 
technical assistance) to aid North Carolina 
industry in reducing its energy needs.
2. WALK-THROUGH ASSESSMENT PROGRAM
2.1 APPROACH
A highly qualified engineer with broad, energy- 
related experience visits a facility and, accom­
panied by company representatives, makes a thor­
ough plant tour. During this walk-through, the 
company representative usually describes the plant 
operation —  and during the ensuing questions, 
explanations, and discussions, new perspectives 
and opportunities for saving energy are often 
uncovered. The plant visit (which includes the 
walking tour and meeting with various people) 
usually takes from 1^-3 hours depending upon 
company size, complexity of operations, and the 
ability of company representatives to convey 
information. Consequently 2 or 3 companies can 
be visited in one day if they are located close 
together.
2.2 TYPES OF COMPANIES
Based on experience in the walk-through assess­
ment program, the companies visited can be con­
veniently subdivided into three broad groups with 
respect to their energy conservation activities.*
(1) Large companies (>500-1000 employees), 
technically intensive with full-time, 
qualified staff concerned with energy 
conservation
(2) Intermediate to large size companies 
(>250 employees) with one individual 
who, among other duties, is responsible 
for energy conservation activities 
(Efforts at energy conservation are not 
based upon measurement or data but 
usually consist of the application of a 
checklist of ideas.)
(3) Small to intermediate size companies
(<250 employees) with no one qualified 
to work in energy conservation or 
employed in that capacity
The last two groups of industry predominate in 
North Carolina (and thus in the companies visited) 
and consequently can profit from a program like 
the "walk-through assessment" program.
Since companies request the "walk-through", their 
representatives are usually very helpful and 
appreciative during the plant tour. Occasionally 
a plant tour is conducted by someone other than 
the requesting manager, and that person may at 
times appear defensive. Also, in some instances, 
the company environment (both internal and exter­
nal) is either so polluted or processes so deterio­
rated that rational technical and economic priority 
dictate that they defer energy conservation con­
siderations until other problem situations are 
resolved.
2.3 REPORTS TO COMPANY
After the in-plant visit, a report is written for 
the company to summarize observations and recom­
mendations. The report might include the results 
of observation or engineering calculations, infor­
mation from various references, or referrals to 
people or agencies. The report is written in 
letter form and consists of a series of paragraphs 
under various headings. A report varies in length 
from 2-6 single spaced, type written pages and 
usually takes 3-5 hours to write.
The following list represents a cross-section of 
recommendations from typical reports:
2.3.1 Recommendations pertaining to the estab­
lishment of energy conservation programs
Record of energy usage. As a prelude to a formal 
energy conservation program you should begin to 
keep plant and departmental records of energy 
usage (fuel, electricity, water, steam, etc.) on a 
monthly basis and compare these to production 
levels. This information is not difficult to
* The bulk of the facilities visited are manufacturing plants. A few commercial 
buildings (insurance, shopping center) and a hospital have been visited but are 
excluded from the above.
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record and will give you a valuable perspective 
on the cost level and trends involved in energy 
usuage per unit of production.
Establishment of a company-operated energy con­
servation program. The most important step in 
conserving energy is the establishment of an 
ongoing energy conservation program, with a pro­
gram director who is given top management support. 
Top management support is essential in obtaining 
employee cooperation and participation. The 
essential elements of such a program are given in 
a recent government publication, "Energy Conser­
vation Program Guide for Industry and Commerce"—  
NBS Handbook 115 —  put out by the U. S. Depart­
ment of Commerce.
I believe your organization is totally committed 
to energy conservation, and now simply needs to 
establish and publicize an official program. It 
will prove advantageous if all employees of the 
plant are conscious that there are ways in which 
they can help. Most employees probably will not 
consider the "big picture," tending to feel that 
energy conservation ends at the front door. If 
energy conservation i9 to work, employees must be 
reminded regularly about energy conservation
ideas pertaining to both the company and their 
lives outside of working hours. Some suggestions 
could be implemented with some modification in 
the employees habits. Suggestions falling in 
this category relate to: bath water temperature, 
dripping faucets, room temperature levels, deac­
tivation of electrical equipment when not in use, 
reduced use of products manufactured from petro­
leum or wood, use of the refrigerator, and pol­
icies on washing. Interesting suggestions which 
require some equipment modification are (a) reuse 
of wash water for flush toilets, and (b) replace­
ment of commodes with urinals in men’s restrooms.
To more fully involve and motivate employees in 
the business of energy conservation, you might 
want to put up ENERGY SAVING SUGGESTIONS boxes 
throughout the plant, and then give awards for 
those ideas which result in substantial savings.
NBS Handbook 115 indicates that one of the first 
steps of any energy conservation program is keep­
ing a monthly record of energy consumption. For 
employee information and motivation, you could 
place large bar graphs of this information in 
conspicuous locations throughout the plant.
2.3.2 Recommendations pertaining to changes in 
operations and/or procedures
Open doors. During the walk-through, we found a 
number of open doors leading to the outside atmos­
phere. As you know, large quantities of condi­
tioned air (heated or cooled) escape through 
these open doors —  and this lost air represents 
a significant energy (and dollar) loss. I real­
ize that the "state" of a door is the responsi­
bility of the manager whose group is working in 
the area, but, somehow, these employees must be 
made aware of the significance of this actions.
I understand that this is a difficult management 
problem, but it must be addressed since heating 
and air conditioning account for a large percent­
age of your energy bill.
Control of thermostats. As you know, employee 
control over individual thermostats can create 
serious inefficiencies in your heating and/or air 
conditioning systems. For obvious reasons, you 
cannot remove these thermostats. Some companies 
have gotten around this personnel problem by re­
wiring the system and placing the actual control 
in some other location.
Spring and fall operation. During the Spring and 
Fall, the climate in eastern North Carolina is 
quite mild. Rather than heating and/or air con­
ditioning during these seasons, you should consi­
der ventilating your entire plant with outside 
ambient air. The amount of fresh air introduced 
into the plant would be controlled by roof mounted 
exhaust fans operated in conjunction with certain 
outside doors. This policy has been adopted by a 
number of companies in your area and has resulted 
in significant energy savings.
Fix/maintain leaks in air, water, steam lines.
I realize the difficulty of starting and main­
taining a periodic maintenance program aimed at
the above, particularly in the ____  manufacturing
operation and in the summer, however, I think you 
may be overlooking a considerable savings. For 
instance, Charles Norton of General Motors in a 
paper entitled, "How to Survey Your Plant for 
Energy Waste" reported first year savings in an 
energy conservation program as follows:
"In 1972, ona production unit basis, Livonia's 
water consumption declined 30%, steam was 
reduced 23%, natural gas 19%, and electri­
city 3%.
It is important to note that the reductions 
achieved to date are not the result of tech­
nological advances or major rework and re­
design of our facilities and equipment...
To date we have relied upon and obtained 
quite satisfactory results from some rather 
simple but vigorous maintenance and plant 
engineering efforts directed at finding and 
fixing the energy leaks in our plants." 
Similarly there are a number of examples (ECO's) 
in NBS Handbook 115 that indicate the monetary 
savings of repairing leaks in compressed air lines, 
steam lines, faulty steam traps, etc.
Good housekeeping. As you know, effective energy 
conservation is the accumulation of numerous 
small steps —  in a sense, it often comes down to 
good housekeeping. It involves such items as 
repairing small steam leaks, replacing insulation 
that has fallen off the toaster, insulating all 
hot water and steam lines (no matter how small), 
etc. In the industrial setting, I realize that 
most attention must be given to maintaining or 
improving production. However, in this day of 
continually increasing energy costs, I believe 
considerably more attention should be given to 
such mundane tasks as equipment maintenance —
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more specifically, all equipment should be kept 
at an energy efficient level of operation.
2.3.3 Information from other sources
Ventilation hoods-waxing area. The one hood you 
have here I believe is undersized. Enclosed is a 
copy of the recommended ratio for a canopy hood. 
Note the hood should overhand 40% of the height 
the hood is above the process.
In most cases you should install an individual 
ventilation pickup at the source rather than use 
a general overhead fan. Consequently, I would 
put a hood over the small waxing machine.
2.3.4 Recommendations pertaining to building 
modification
Plant room (and die room) - install suspended 
ceiling. Particularly in the plant room where 
environmental conditions are getting high (65% 
relative humidity, 76°F temperature) you should 
install a suspended ceiling. You don't need the 
overhead space and a new ceiling will reduce the 
room volume by around 40% and make it much easier 
and cheaper to maintain appropriate conditions in 
these rooms.
Shipping/receiving docks. You lose a tremendous 
amount of "heat" in the winter by having loading 
docks adjacent to the building which are open and 
prohibit the use of "dock curtains," etc., to 
reduce infiltration of air. You could do one of 
two things. First, you could build an enclosure 
on the docks out to the edge so that they have a 
typical entry way on which you can install dock 
curtains. Or, second, you can remove the loading 
docks so that the trucks can back up to the build­
ing and be shielded with dock curtains.
Exposure between air conditioned and un-cooled 
areas. You have a number of situations where air
conditioned areas share a common open side with 
un-air conditioned areas in which there is high 
process heat release. You exhaust from the 
unconditioned areas to remove fumes and to reduce 
the temperature levels but, in turn, attempt to 
keep the windows closed. This is classic example 
of "operating at cross purposes."
It is my opinion that you should consider isolat­
ing conditioned areas from unconditioned areas, 
say, with movable partitions and installing con­
siderably more ventilation capacity in the heat 
release areas. In this way you could open all 
the windows in these areas in the summer. Hope­
fully, the result would be a very large reduction 
in the cost of air conditioning, a small increase 
in fan electrical consumption, and cooler and 
happier people in both areas. Of course I think
you should seek information from other _______
plants operating under similar circumstances as 
well as from air conditioning and ventilation 
consultants.
2.3.5 Recommendations pertaining to process 
changes
Preheating combustion air. Another approach to 
reducing the radiant heat loss from the tunnel 
surface to the atmosphere is to enclose part of 
that surface (wall) with a pressurized air duct.
In effect, what I am suggesting is that the sur­
face and duct form an air preheater —  and the 
resulting heated air be used as combustion and/or 
dryer air. Two regions of the furnace envelope 
that appear particularly suited for this approach 
are the undercar zone and the burner zone. Both 
zones would have to be pressurized —  such that 
the car bearings and kiln burners are kept rea­
sonably cool.
Most side-fired units use ambient air as combus­
tion air to the burners. If this combustion air 
were heated to 550°F in the preheaters suggested 
above, the following energy savings would result:
FUEL: Bunker C oil
HHV = 152,000 BTU/gal or 6.58 gal/10^ 
BTU
Assume: 20% excess air on oil firing
-* 900 lb. air/106 BTU. For each 
106 BTU fired, you could expect to 
save approximately 100,000 BTU or 
.66 gallons of oil if the combus­
tion air were preheated to 550°F.
I'm sure you will agree that a 10% saving is 
significant.
Kiln stack temperature. Stack temperature is one
of the most important variables which influence 
the energy efficiency of a tunnel kiln. Under 
your present operating conditions, the temperature 
of the flue gas leaving your stack varies from 
450°F to 550°F —  which is much too high for 
efficient operation.
For oil firing, I would recommend a stack tempera­
ture of 325°F to 350°F. The minimum temperature 
limitation of 325°F is imposed by the fact that 
the flue gas contains condensable vapors that 
deposit on the stack duct work, in the liquid 
phase, if the plant temperature falls below the 
dew point. In the case of sulfur bearing oil, 
sulfur trioxide may be formed which, in the pres­
ence of the water vapor, may in turn form sulfuric 
acid. The dew point of flue gas containing this 
acid is much higher than if water alone were 
present.
For natural gas firing, a somewhat lower stack 
temperature can be tolerated.
2.3.6 Recommendations pertaining to the purchase 
of new equipment
Heat recovery systems. Since your present kiln 
exit temperatures are considerably higher than 
325°F, you may want to consider a heat recovery
223
system in the base of the stack. In selecting 
the heat exchanger appropriate for your facility, 
you should consider the following factors:
(1) How will the recovered heat be used? 
Preheated combustion air -* heat wheel, heat 
pipe, tubular airheat
Heated air for space heating -*■ heat pipe or 
tubular air heater (heat wheels usually have 
some leakage associated with them)
Heated water for process or feedwater heat-1- 
ing economizer
(2) What is the terminal difference of the heat 
exchanger?
Terminal Difference = (flue Gas Temperature 
Leaving Heat Exchanger) - (Fluid Temperature 
Entering Heat Exchanger)
Note: For effective utilization of heat
exchanger surface, you should design for a 
terminal difference of +200°F.
(3) How large is the heat exchanger? Is suffi­
cient space available? Will the existing 
structure support the heat exchanger?
(4) What fuels will be fired in the furnace?
The resulting flue gas will effect
(a) the type of heat exchanger surface
(b) the surface spacing
(c) the tendency to plug the surface
(d) the need for soot blowers
(e) the tendency to corrode the heat 
exchanger surface.
(5) Compare the cost of each type of heat 
exchanger on an equal recovery basis. Con­
sider both equipment and installation costs.
(6) Is the heat exchanger compatible with 
existing equipment? Can the existing fans 
handle the additional draft loss and/or air 
pressure drop?
(7) What additional operating costs will the 
heat exchanger create? For example —  what 
is the draft loss across the heat exchanger 
and what are the operating energy costs 
resulting from this additional draft loss?
(8) How much energy (and money) will the heat 
exchanger save? As a general rule, you can 
expect to increase the boiler efficiency by 
approximately 1% for each 40°F reduction in 
stack temperature.
3. MEASUREMENT PROGRAM
This second phase of the overall IES energy 
assistance program is projected for the future. 
Funds are being pursued with which to buy instru­
ments to make measurements in the key areas of 
combustion, stack temperature, heating, venti­
lating, lighting, and electrical motors. In this
case, the visiting engineer would spend a minimum 
of one day in a facility, observing operations, 
asking questions, looking at records, and making 
physical measurements. Based on this information, 
an analysis will be made and the results summa­
rized in a report, along with recommendations and 
anticipated savings. Approximately two weeks 
after the initial inspection, the IES engineer 
will personally review the report with the company 
representatives and relate the losses to specific 
sections in NBS Handbook 115.
In addition to initiating an energy conservation 
plan, each company is requested to provide IES 
with a quarterly record of its energy consump­
tion —  and when possible relate this consumption 
to production quantities (on an absolute or 
relative basis) and degree days. Because uniform 
record keeping, reporting and energy accounting 
are important factors in an effective energy 
conservation plan, this information should be 
readily available.
Six months after the initiax measurement and walk­
through survey, each company will be contacted by 
the inspecting engineer —  either by phone or 
visit —  to evaluate the company's progress in 
energy conservation.
4. CONCLUSIONS
Educational programs in energy conservation tend 
to be applicable to people knowledgeable enough 
in energy conservation to extend their own 
abilities. As a general rule, these programs do 
not reach the smaller industries that oftentimes 
function without trained engineers. Consequently, 
direct technical assistance is deemed to have the 
most immediate effect on the energy saving capa­
bility of small companies. Also it is hoped that 
the money saved will serve as an inducement to 
these companies to consider energy conservation 
more seriously and eventually set up their own 
on-going energy conservation programs.
There are many situations in the companies visited 
that are tremendously wasteful of energy and yet 
are simple and inexpensive to rectify. Many of
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these situations remain unknown, usually because 
the affected individuals are not aware of the 
technical concepts involved. Even in cases where 
energy waste is known, the manager of a small 
company is often reluctant to act —  simply 
because he is not technically informed and there­
fore uncertain of the possible consequences of his 
actions. This individual desperately needs com­
petent technical assistance if he is to stay in 
business.
The IES program of direct technical assistance in 
energy conservation shows promise of being an 
effective means for identifying energy waste and 
promoting energy conservation.
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